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AIRB AG APPARATUS, MOTORCYCLE WITH AIRE AG APPARATUS, 
AND METHOD OF MANUFACTURING AIRE AG APPARATUS 

Field of the Invention 

5 The present invention relates to a technique of constructing an airbag 

apparatus mounted to a motorcycle. 

Background of the Invention 

There is a known technique of protecting an occupant by an airbag apparatus 
10 mounted to a motorcycle. For example, Japanese Unexamined Patent Application 
Publication No. 2001-219885 discloses a technique of inflating an airbag to deploy 
it into a spacing between a vehicle component such as a head pipe and an occupant 
seat of a motor scooter. This technique presents the possibility of mounting an 
airbag apparatus to a motorcycle. However, there is a high requirement for complete 
15 protection of an occupant by pursuit of a rational inflation pattern of the airbag in 
the event of an accident. 

Summary of the Invention 

The present invention has been made in consideration of the above situation. 
20 Accordingly, it is an object of the invention to provide an airbag construction 

technique for a motorcycle, which contributes to complete protection of an occupant 
in the event of an accident. 

In order to solve the above problems, the invention as set forth in each claim. 

According to the invention of Claim 1, there is provided an airbag apparatus 
25 having an airbag and mounted to a motorcycle. The airbag includes inflation control 
means. The inflation control means is constructed so as to restrict the inflation of 
the airbag in an occupant moving direction when the motorcycle comes in a frontal 
collision and to allow inflation of the airbag in a direction intersecting the occupant 
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moving direction. Cooperation of the restriction of the inflation in the occupant 
moving direction and the allowance of the inflation in the direction intersecting the 
moving direction promotes the inflation of the airbag in the direction intersecting the 
occupant moving direction. Therefore, an occupant restraint area can be increased 
5 for the occupant moving direction. 

According to the invention, cooperation of the restriction and the allowance 
of the inflating direction of the airbag with the inflation control means promotes the 
inflation of the airbag in the direction intersecting the occupant, thereby rationally 
increasing the occupant restraint area by the airbag, and thus minimizing the danger 
10 of throwing-out of the occupant forward of the motorcycle by crash impaa. 

Particularly, the inflation of the airbag in the direction intersecting the occupant 
ensures that the occupant is received in an accident or, alternatively, effectively 
prevents the occupant from being thrown out forward so as to slide on the airbag 
surface. 

15 In view of the above, in the invention, "restricting inflation in an occupant 

moving direction" implies that it is sufficient to restrict the inflation of the airbag in 
at least the occupant moving direction, broadly including both of an arrangement of 
restricting the inflation of the airbag in other directions and an arrangement of not 
restricting it. "Allowing the inflation in a direction intersecting the occupant moving 

20 direction" implies a direction effective to prevent forward movement of the occupant 
in the event of the accident, broadly including not only an arrangement in which the 
inflation is orthogonal to the occupant moving direction but also an arrangement in 
which the inflation intersects it at a given angle. "Restricting" and "allowing" of the 
inflation of the airbag imply that it is sufficient for the airbag to be allowed to inflate 

25 in the direction intersecting the occupant moving direction so that the airbag is 

inflated to intersect the occupant who is being moved forward of the motorcycle by 
the impact of the frontal collision, thereby increasing the occupant restraint area. 
The degree of the restriction and allowance of the inflation is no object. 
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In the specification, the "motorcycle" broadly includes a saddle vehicle, that 
is, a vehicle with an arrangement in which an occupant sits astride the seat, such as a 
two-wheeled vehicle having a fuel tank ahead of an occupant seat and a scooter-type 
motorcycle having a spacing between an occupant seat and a handle-supporting head 

5 pipe. Furthermore, in addition to the motorcycles, the "motorcycle" broadly 

includes a vehicle having three or more running wheels for an occupant to sit astride 
the seat (for example, a three wheeled vehicle used to deliver pizzas, etc., and a 
three or a four-wheeled buggy type vehicle for bad roads) and a vehicle for an 
occupant to sit astride a seat while running in a caterpillar tread or a sled such as a 

10 snowmobile. 

The "frontal collision" in the specification broadly implies not only a state in 
which the motorcycle literally collides with the object in a straight line but also a 
state in which the motorcycle collides with the object in a slanting direction and a 
state in which only part of the front portion collides with the object in a straight line. 

15 Typically, it is preferable for the "airbag apparatus" of the specification to house the 
airbag and the means for inflating the airbag, such as an inflator, in a retainer. 

In the airbag apparatus of Claim 1, preferably, the inflation control means 
includes tethering means. Preferably, the tethering means connects at least the 
opposing portions of the airbag to restrict the inflation of the airbag in the occupant 

20 moving direction in a frontal collision. Since the tethering means connects the 
opposing portions of the airbag in the occupant moving direction in the frontal 
collision, the invention offers an advantage in increasing the rigidity of the airbag 
during the occupant restraint, and particularly, increasing the reaction force of the 
airbag against the kinetic energy of the occupant who is moving forward by the 

25 impact of the frontal collision in addition to the advantages of the invention of 
Claim 1. 

In the invention, for the connecting portion through the tethering means, it is 
sufficient to restrict the inflation of the airbag in the occupant moving direction in 
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the event of an accident and there is no need to closely correspond to the occupant 
moving direction in a frontal collision, so that it is sufficient to connect the opposing 
portions of the airbag nearly over the occupant moving direction. The tethering 
means may be arranged either inside or outside the airbag and the shape is no object. 
5 For example, arranging a belt-shaped tether in the airbag and stitching the ends of 
the tether to the opposing inner wall of the airbag allow the restriction of the 
inflation of the airbag in the occupant moving direction in a frontal collision. The 
tethering means may be attached to the opposing portions of the airbag and also to 
other portions. 

10 According to the invention of Claim 3, there is provided an airbag apparatus 

having an airbag and mounted to a motorcycle. The airbag includes a tether 
extending so as to connect the opposing portions of the airbag. Preferably, the tether 
can employ a strap-shaped tether The arrangement of "connecting the opposing 
portions of the airbag" broadly includes an arrangement in which the two opposing 

15 portions are connected with the tether in the shortest distance and an arrangement in 
which the opposing portions of the airbag are connected with the tether arranged 
along the inner periphery or outer periphery of the airbag. The number of the 
connecting portions and the number of the tethers are not limited. For example, in 
addition to the opposing portions, other portions of the airbag may be connected 

20 with one tether or, alternatively, the plurality of portions may be connected together 
with a plurality of tethers. Furthermore, a plurality of tethers may be arranged to 
connect a plurality of portions. 

In the airbag apparatus according to the invention of Claim 3, inflation of the 
airbag in the extending direction of the tether is restricted to allow the inflation of 

25 the airbag to be guided in the direction that intersects the extending direction of the 
tether, thus rationally increasing the occupant restraint area of the airbag by 
appropriately controlling the restricting direction of the inflation of the airbag with 
the tether. Particularly, in the invention, the tethers for restricting the inflation are 
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arranged in a plurality of portions of the airbag, so that the inflation of the airbag can 
be adjusted so that the shape of the inflated airbag fits to the front body form of the 
occupant or, alternatively, the shape of the inflated airbag is appropriately set, so that 
it can be controlled which part of the occupant first comes in contact with the airbag. 
5 The feature of the invention of Claim 3 that the shape of the inflated airbag 

can appropriately be controlled with the tether is effective particularly in preventing 
pitching motion. More specifically, the inflation of the airbag is appropriately 
restricted with the tether, as in Claim 4, so that the possibility that the occupant is 
thrown out forward from above the inflated airbag can be minimized, thus ensuring 

10 complete protection of the occupant in the event of an accident. 

The "pitching motion" is one of typical behaviors of the motorcycle during a 
frontal collision, meaning a behavior of the motorcycle in which the rear wheel of 
the motorcycle rises up by the kinetic energy of the motorcycle and the motorcycle 
is rotated forwardly with the center at the rotation center of the fi-ont wheel or the 

1 5 vicinity of the collide portion. "Forward of the occupant when the motorcycle 
makes a pitching motion" broadly includes the side or direction to/in which the 
occupant is thrown out forward of the rotation when the motorcycle makes a 
pitching motion. 

According to the invention of Claim 5, there is provided a motorcycle having 

20 an airbag apparatus according to any one of Claims 1 to 4. 

In the inventions of Claims 6 and 7, there is provided a rational method of 
manufacturing an airbag apparatus offering advantages that are substantially similar 
to those of the airbag apparatuses of Claims 1 and 3. More specifically, according to 
the invention of Claim 6, there is provided a method of manufacturing an airbag 

25 apparatus wherein the inflation of the airbag is restricted for the occupant moving 
direction when the motorcycle comes in a frontal collision, thus increasing the 
occupant restraint area in the event of an accident without particularly increasing the 
size of the airbag. Of course, it is also possible to provide a method of 
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manufacturing an airbag apparatus having components similar to those of the airbag 
apparatuses as set forth in the dependent claim of Claim 1. 

In the invention of Claim 7, when the tether is arranged to the airbag, the 
opposing portions of the airbag are connected with the tether so that the inflation of 

5 the airbag in the extending direction of the tether is restricted when the motorcycle 
comes in a frontal collision. Accordingly, the occupant restraint area can rationally 
be increased by controlling the extending direction of the tether as appropriate 
without particularly increasing the size of the airbag. Of course, it is also possible to 
provide a method of manufacturing an airbag apparatus having components similar 

10 to those of the airbag apparatuses as set forth in the dependent claim of Claim 3. 

Brief Description of the Drawings 

Fig. 1 shows the overall structure of a motorcycle according to an 
embodiment of the present invention. 
15 Fig. 2 shows an airbag apparatus according to the embodiment of the 

invention, showing a state in which an airbag is deployed to inflate. 
Fig. 3 shows the left side of the airbag apparatus of Fig. 2. 
Fig. 4 shows the back of the airbag apparatus of Fig. 2. 
Fig. 5 shows the airbag apparatus of the invention in a state in which the 
20 inflation of the airbag is started. 

Fig. 6 shows a state in which the airbag is being inflated toward an occupant 
protection area. 

Fig. 7 shows a state in which the inflation of the airbag has been completed. 
Fig. 8 shows a state in which an occupant is restrained by the inflated airbag. 
25 Fig. 9 shows a state in which the occupant is protected during a pitching 

motion. 

Fig. 10 shows the arrangement of an airbag apparatus according to a first 
modification of the embodiment of the invention. 
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Fig. 11 shows the left side of the airbag apparatus of Fig. 10. 

Fig. 12 shows the back of the airbag apparatus of Fig. 10. 

Fig, 13 shows the arrangement of an airbag apparatus according to a second 
modification of the embodiment of the invention. 

Fig. 14 shows the left side of the airbag apparatus of Fig. 13. 

Fig. 15 shows the back of the airbag apparatus of Fig, 13. 

Fig. 16 shows the arrangement of an airbag apparatus according to a third 
modification of the embodiment of the invention. 

Fig. 17 shows the left side of the airbag apparatus of Fig. 16. 

Fig. 18 shows the back of the airbag apparatus of Fig. 16. 

Detailed Description of the Preferred Embodiments 

Embodiments of the present invention will be specifically described with 
reference to the drawings. Fig. 1 shows a scooter-type motorcycle 100 and an airbag 
apparatus 111 mounted to the motorcycle 100 according to an embodiment of the 
invention. The motorcycle 100 corresponds to an example of a motorcycle of the 
invention. The motorcycle 100 has a body structure 13 1 including a front wheel 137 
and a rear wheel 139 for an occupant 101 to ride astride. The airbag apparatus 111 
is arranged at a fi"ont cowl 133 constituting the body structure 131. 

The fi*ont area of the occupant 101 above the body structure 13 1 of the 
motorcycle 100 is defined as an occupant protection area 151 when the motorcycle 
100 comes in a frontal collision. In this embodiment, the "frontal collision" broadly 
includes a situation in which the motorcycle 100 collides with a front collision 
object (not shown for convenience). The "occupant protection area 151" is defined 
as a spacing that extends in a forward moving direction 191 of the occupant 101 for 
restraining to protect the occupant 101 who is being thrown out forward of the 
motorcycle 100 when the occupant 101 is being moved forward of the motorcycle 
100 by kinetic energy during the frontal collision. 
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The motorcycle 100 is sometimes rotated in the direction of arrow 194 
around a rotation center 138 of the front wheel 137 during a frontal collision, as 
shown in Fig. 9. In the embodiment, such the behavior of the motorcycle 100 is 
defined as "a pitching motion." Also, the direction indicated by the arrow 194 is 
5 defined as "the direction of a pitching motion" of the motorcycle 100. A spacing for 
protecting the occupant 101 is defined as "an occupant protection area during a 
pitching motion, 197," the spacing extending in the moving direction 195 of the 
occupant 101 during the pitching motion when the occupant 101 is being moved 
forward of the motorcycle 100 (shown by reference numeral 195 in Fig. 9) by 

10 kinetic energy during the frontal collision. The occupant protection area during a 
pitching motion, 197, corresponds to "forward of the occupant during a pitching 
motion" in the invention. As understood from Fig. 9, the occupant protection area 
during a pitching motion, 197, is formed above the occupant protection area 151. 

The airbag apparatus 111 principally includes a retainer 113, an inflator (not 

15 shown for convenience) housed in the retainer 113, and an airbag 121 having a 
tether 127 therein. Figs. 2 to 4 show the detailed arrangement of the airbag 
apparatus 111 with the airbag 121 being deployed. 

The airbag 121 is a unit of a front panel 121a that constitutes the front and 
back thereof and side panels 121b that constitute the right and left side. The airbag 

20 121 has a tether 127 (also called a tether strap) arranged therein. The tether 127 is 
stitched in an appropriately bent condition so as to connect the opposing portions of 
the inner wall (inner wall of the front panel 121a in the embodiment) of the airbag 
121 through a stitch section 127a. With the tether 127 connecting the opposing 
portions of the inner wall of the airbag 121, the inflation of the airbag 121 is 

25 restricted for an extending direction 128 (refer to Fig. 3) of the tether 127, and the 
front panel 121a is given a little recess in the extending direction 128 of the tether 
127 inside the airbag 121. 
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On the other hand, for a direction 129 (refer to Fig. 3) that intersects the 
extending direction 128 of the tether 127, the airbag 121 is allowed to inflate, thus 
exhibiting an inflated shape in the intersecting direction 129 as a whole. When the 
airbag 121 and the airbag apparatus 111 with such an arrangement are mounted to 

5 the motorcycle 100 shown in Fig. 1, the airbag 121 is allowed to have a sufficient 
inflation area in the occupant protection area 151 to receive the upper body of the 
occupant 101. As a result of restricting the inflating direction of the airbag 121 with 
the tether 127, the airbag 121 is allowed to inflate also in the occupant protection 
area during a pitching motion, 197, above the occupant protection area 151, as 

10 shown in Fig. 9. 

The operation of the airbag apparatus 111 according to the embodiment will 
be described hereinafter with reference to Figs. 5 to 8. When the motorcycle 100 
comes in a frontal collision, the airbag 121 of the airbag apparatus 111 arranged at 
the front cowl 133 of the motorcycle 100 starts to be deployed from the retainer 113 

15 by an inflator (not shown), as shown in Fig. 5. As clearly shown in Fig. 5, a rolling 
section 123 is formed so that the airbag 121 that is being deployed is moved toward 
the occupant protection area 151 in a minimum time while being separated from the 
body structure 131, wherein in the event of an accident, the rolling section 123 is 
rolled quickly from the retainer 113 toward the occupant protection area 151 to 

20 deploy the airbag 121. 

The state of the airbag 121 during the inflation is shown in Fig. 6. Fig. 6 
shows a state in which the inflation of the airbag 121 toward the occupant moving 
direction 191 is restricted and the inflation toward the intersecting direction 193 is 
allowed (promoted) with the tether 127 connecting opposing portions 128a and 128b 

25 of the inner wall of the airbag 121 in a direction that substantially corresponds to the 
occupant moving direction in a frontal collision, 191. The airbag 121 is allowed 
(promoted) to inflate toward the intersecting direction 193, so that the airbag 121 
can be extended substantially in parallel with the front side of the occupant 101. 
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Fig. 7 shows a state in which the airbag 121 is fully deployed to be inflated. 
As shown in Fig 7, the front panel 121a that constitutes the airbag 121 is pulled by 
the tether 127, so that inflation toward the occupant 101 is restricted. In the 
airbag 121 according to the embodiment, inflation toward the occupant moving 
5 direction in a frontal collision, 191, is restricted by the tether 127 and inflation of the 
airbag 121 in the intersecting direction 193 is allowed or promoted. 

In other words, the inflation of the airbag 121 in the intersecting section 193, 
which is not restricted, is promoted owing to the restriction of the inflation in the 
occupant moving direction in a frontal collision, 191, with the tether 127. 

10 Accordingly, an area that is in parallel with the front side of the occupant 101 is 
increased without increasing the original size of the airbag 121 or without greatly 
changing the shapes of the front panel 121a and the side panels 121b which 
constitute the airbag 121. Particularly in the embodiment, there is no need to 
significantly increase the capacity of the airbag 121, thus having no need to increase 

15 the output of the inflator, which contributes to low cost and the compactness of the 
airbag apparatus 111. 

As a result, when the motorcycle 100 comes in a frontal collision to move the 
occupant 101 in the occupant moving direction in a frontal collision, 191, by the 
impact, as shown in Fig. 8, the inflation of the airbag 121 is guided in the 

20 intersecting direction 193 in the occupant protection area 151 and the area that 

extends in parallel with the occupant 101 is increased, which ensures the restraint of 
the occupant 101, thereby providing complete protection of the occupant 101. 
Moreover, the embodiment offers an advantage in increasing deformation rigidity by 
the external force of the airbag 121 with the tether 127 that connects the opposing 

25 portions of the airbag 121, thus increasing the reaction force of the airbag 121 when 
receiving the occupant 101 who is moving forward at a given speed in the event of 
an accident and also improving the restraint performance for the occupant 101. 
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Furthermore, the motorcycle 100 that has come into a frontal collision may 
produce a pitching motion by impact energy, as shown in Fig. 9. In such a case, the 
airbag apparatus 1 1 1 according to the embodiment is constructed such that the 
airbag 121 extends in the occupant protection area during a pitching motion, 197, 

5 because of an increase in the area that extends in parallel with the occupant 101 by 
controlling the inflating direction of the airbag 121 with the tether 127. Accordingly, 
the airbag 121 ensures the restraint of the occupant 101 who is being thrown out in 
the occupant moving direction during a pitching motion, 195, thereby realizing 
complete protection of the occupant 101. 

10 While the embodiment employs a structure to restrict the inflation of the 

airbag 121 substantially in the occupant moving direction in a frontal collision, 191, 
using the tether 127, other various modifications may be employed for the restricting 
direction of the inflation of the airbag 121 with the tether 127. For example, various 
arrangements are possible, which are not specifically shown, iii which a plurality of 

15 the tether 127 is arranged in corresponding positions such as the head, face, thorax, 
abdomen, and shoulder of the occupant 101, to control the direction of the inflation 
of the airbag 121 so that the shape of the inflated airbag 121 fits to the front body 
form of the occupant 101 or, alternatively, a suitable combination of the arrangement 
positions of the tethers 127 is used to control the shape of the inflated airbag 121, 

20 thereby controlling which part of the occupant 101 is first restrained in a fi-ontal 
collision. 

A modification of the arrangement of the airbag 121 in the airbag 
apparatus 111 according to the embodiment will be described. An airbag 221 
according to a first modification will be shown in Figs. 10 to 12. In the first 
25 modification, not only the opposing portions but also the upper portions intersecting 
therewith are connected with tethers 227 on the inner wall of a fi-ont panel 22 1 a that 
constitutes the airbag 221 . This allows the rigidity of the airbag 221 to increase 
more. More specifically, the first modification has an arrangement that "the inflating 
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direction of the airbag is restricted by inflation control means or tethers and also the 
inflation control means or the tethers are connected to other portions of the airbag." 
The arrangement can appropriately be combined with the invention of any claims. 

Figs. 13 to 15 show an airbag 321 according to a second modification. In the 
5 second modification, the inflating direction of the airbag 321 is restricted with one 
tether 327 arranged at the inner wall of a front panel 321a. 

Figs. 16 to 18 show an airbag 421 according to a third modification. In the 
third modification, a front panel 421a and side panels 421b arranged at the left and 
right of the front panel 421a, which constitute an airbag 421, are connected with a V- 

10 shaped tether 427. With such an arrangement, the tether 427 itself does not extend 
in the restricting direction of the inflation of the airbag 421 (which corresponds to 
the direction designated by reference numeral 191 of Fig. 1), but a left member 427L 
and a right member 427R of the tether 427 connect predetermined portions of the 
front panel 421a and the side panels 421b of the airbag 421 so that the direction of 

15 the resultant force of the connection by the left and right members 427L and 427R 
substantially corresponds to the occupant moving direction in a frontal collision. 
With such an arrangement, the restricting direction of the inflation of the airbag 421 
can be increased in width by the combination of the tethers, so that the freedom of 
the control of the inflation of the airbag 421 can be increased. 

20 In other words, "An airbag apparatus according to either one of Claims 1 to 4, 

wherein the inflation of the airbag in a direction of the resultant force of a first 
direction of the airbag and a direction different from the first direction is restricted 
by the connection of opposing portions in the first direction and the connection of 
opposing portions in the direction different from the first direction." 

25 According to the invention, there is provided an airbag construction 

technique for a motorcycle, which contributes to complete protection of an occupant 
in the event of an accident. 
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